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(54) ATM cell transmission system 

(57) In an ATM cell transmission system having an 
ATM layer device (1), a data path interface (3) and a plu- 
rality of normal PHY (Physical) layer devices (2-0 to 2- 
M) according to Utopia Level 2 specification, the ATM 
layer device (1) comprises: a cell buffer (4); FIFO mem- 
ories (5-0 to 5-M) each corresponding to each of the 
normal PHY layer devices (2-0 to 2-M); an output con- 
troller {5") for controlling the ceil buffer (4) to output an 
ATM cell to be transmitted through one of the normal 
PHY layer devices (2-0 to 2-M) into corresponding one 
of the FIFO memories (5-0 to 5-M) on condition that the 
ATM cell is stored in the cell buffer (4) and the corre- 
sponding one of the FIFO memories (5-0 to 5-M) is not 
full; and a cell transmission controller (10) for perform- 



ing polling of the normal PHY layer devices (2-0 to 2-M), 
designating a selected PHY layer device among the 
normal PHY layer devices (2-0 to 2-M) which have 
returned the HIGH level of the cell transmission allow- 
ance signal (TxClav) to the polling and whereof corre- 
sponding FIFO memories (5-0 to 5-M) are not empty, 
selecting one of the FIFO memories (5-0 to 5-M) corre- 
sponding to the selected PHY layer device as a next 
sender of cell data to be transmitted through the data 
path interface (3), and designating the selected PHY 
layer device at an end of the current transmission cycle 
as a next receiver of the cell data. 
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Description 

[0001 ] The present invention relates to an ATM (Asyn- 
chronous Transfer Mode) cell transmission system hav- 
ing an ATM layer device and more than one PHY s 
(physical) layer devices connected to the ATM layer 
device by way of a data path interface according to Uto- 
pia (Universal Test & Operations PHY interlace for ATM) 
Level 2 specification for transmitting ATM cells through 
the PHY layer devices. w 
[0002] Specifications of interface between the ATM 
layer and the physical layer for absorbing diversity of 
PHY layer devices are studied in The ATM Forum as the 
Utopia. 

[0003] A data path interface defined for interfacing one rs 
ATM layer device with one PHY layer device is the Uto- 
pia Level 1 interface, and that defined for interfacing one 
ATM layer device with more than one PHY layer devices 
is the Utopia Level 2 interface, which is described in 
"Utopia. An ATM-PHY Interface Specification", pp. 1 to 20 
66, Utopia Level 2, v1.0 (af-phy-0039.000), published by 
The ATM Forum Technical Committee. 
[0004] FIG. 15 is a block diagram illustrating a basic 
configuration of an ATM cell transmission system having 
an ATM layer device 1 , a plurality of PHY layer devices 25 
2-0 to 2-M and a data path interface 3 according to the 
Utopia Level 2 for interfacing the ATM layer device 1 
with the PHY layer devices 2-0 to 2-M for transmitting 
ATM cells through the PHY layer devices 2-0 to 2-M. 
Addresses 0 to M are assigned to the PHY layer devices so 
2-0 to 2-M, respectively. 

[0005] FIG. 16 is a timing chart for illustrating opera- 
tion of the data path interface 3, which is described in 
page 19 of the "Utopia, An ATM-PHY Interface Specifi- 
cation". 35 
[0006] In FIGs. 1 5 and 1 6, TxClk denotes a transmis- 
sion clock having a clock cycle T, which is delivered 
from the ATM layer device 1 to each of the PHY layer 
devices 2-0 to 2-M. TxAddr denotes an address signal 
whereby addresses of the PHY layer devices 2-0 to 2-M 40 
are transmitted from the ATM layer device 1 to the PHY 
layer devices 2-0 to 2-M for polling and selecting one of 
the PHY layer devices 2-0 to 2-M. Each of the 
addresses is represented with five-bit data and an 
address "1 1 1 11 ' ('1 F' in hexadecimal) represents a null 45 
PHY port assigned to neither of the PHY layer devices 
2-0 to 2-M. 

[0007] TxClav (Transmission Cell Available) denotes a 
cell transmission allowance signal having three statuses 
transmitted from one of the PHY layer devices 2-0 to 2- so 
M to the ATM layer device 1 . When a PHY layer device 
is polled with its address transmitted by the address sig- 
nal TxAddr at a dock cycle, the designated PHY layer 
device makes HIGH the cell transmission allowance sig- 
nal TxClav for next one clock cycle on condition that the 55 
PHY layer device can accept one more ATM cell as a 
whole, and makes LOW the cell transmission allowance 
signal TxClav for a period of the next one clock when 
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the PHY layer device cannot accept the whole ATM cell, 
as shown in FIG. 16, wherein the cell transmission 
allowance signal TxClav is made HIGH by the PHY 
layer devices 2-(N - 3), 2-(N + 3) and 2-N having 
addresses N - 3, N + 3 and N, respectively, at clock 
cycles #4, #10 and #14, polled at clock cycles #3, #9 
and #1 3, respectively, and made LOW by the PHY layer 
devices 2-(N + 2), 2-(N - 2), 2-(N - 1), 2-(N + 1) and 
again by the PHY layer device 2-(N + 1). 
[0008] An ATM cell consists of a cell header of 5 octets 
(bytes) H1 to H5 and a payload of 48 octets P1 to P48, 
whereof a part P35 to P48 of an ATM cell and H1 to H5 
of another ATM cell is depicted in FIG. 16 as transmis- 
sion data TxData. The PHY layer device polled with its 
address determines to make HIGH or LOW the cell 
transmission allowance signal TxClav according to 
whether the PHY layer device has a room or not for 
receiving the 53-octet data H1 to H5 and P1 to P48 of 
the ATM cell as a whole. 

[0009] TxEnb (Transmission Enable) denotes a trans- 
mission enabling signal delivered from the ATM layer 
device 1 to the PHY layer devices 2-0 to 2-M for notify- 
ing transmission of cell data, indicating a selected PHY 
layer device whereto the cell data is to be forwarded by 
putting address thereof on the address signal TxAddr at 
the same clock cycle. 

[001 0] TxData (Transmission Data) denotes cell data 
delivered from the ATM layer device 1 to the selected 
PHY layer device, wherein cell header of five octets HI 
to H5 followed by payload of 48 octets P1 to P48 are 
transmitted octet by octet in synchronization with the 
transmission clock TxClk, and TxSOC (Transmission 
Start Of Cell) denotes a transmission start signal indi- 
cating beginning of the cell data, that is, a first header 
octet H1 of an ATM cell to be transmitted. 
[0011] As above described, the ATM layer device 1 
polls status of each one of the PHY layer devices 2-0 to 
2-M by putting its address on the address signal TxAddr 
one by one, and a PHY layer device designated by a 
polling address at a clock cycle drives the cell transmis- 
sion allowance signal TxClav to HIGH or LOW for a 
period of one clock cycle just following the clock cycle of 
the polling address. Then, selecting an appropriate PHY 
layer device among PHY layer devices which have 
made HIGH the cell transmission allowance signal 
TxClav, the ATM layer device 1 notifies the selection by 
asserting the transmission enabling signal TxEnb for a 
clock cycle and putting address of the selected PHY 
layer device on the address signal TxAddr at the same 
time. When the transmission enabling signal TxEnb is 
made HIGH, every of the PHY layer devices 2-0 to 2-M 
checks the address on the address signal TxAddr, and 
the selected PHY layer device acknowledges the selec- 
tion by driving the cell transmission allowance signal 
TxClav to HIGH at the next clock cycle. The selection 
remains valid until the transmission enabling signal 
TxEnb is again made HIGH. 
[001 2] In the example of FIG. 16, payload octets P35 
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to P48 are transmitted to a selected PHY layer device 2- 
N at clock cycles #1 to #14 as the transmission data 
TxOata, which represents a part of a cell transmission 
cycle consisting of 54 clock cycles, that is, 53 clock 
cycles to #14 for transmitting five header octets HI to s 
H5, 48 payload octets P1 to P48, and one clock cycle 
#15 for designating a next selection. 
[001 3] For preparing the next selection, polling of the 
PHY layer devices 2-0 to 2-M is performed in parallel 
with the data transmission during second to 53-th clock io 
cycles of a cell transmission cycle, as shown in FIG. 16, 
wherein polling for selecting the PHY layer device 2-(N 
+ 3) is performed until clock cycle #14 where the last 
payload octet P48 is transmitted, and polling for select- 
ing a next PHY layer device begins at clock cycle #17 15 
where the second header octet H2 is transmitted. 
[0014] In the example, the cell transmission allowance 
signal TxClav indicates that the PHY layer devices 2-(N 
- 3), 2-(N + 3) and 2-N having respective addresses N- 
3, N+3 and N can accept data of an ATM cell as a whole. 20 
The PHY layer device 2-N, which is under receiving cell 
data at the cell transmission cycle, drives the cell trans- 
mission allowance signal TxClav to HIGH on condition 
that it can accept another whole ATM cell besides cell 
data actually receiving. 25 
[001 5] In the following paragraphs, PHY layer devices 
which drives the cell transmission allowance signal 
TxClav to HIGH when it can accept a whole ATM cell 
besides cell data actually receiving, if there is any, are to 
be called the normal PHY layer devices according to a 30 
normal specification defined in the Utopia Level 2 spec- 
ification. 

[001 6] Returning to the example of FIG. 1 6, selecting 
the PHY layer device 2-(N + 3) among the above PHY 
layer devices 2-(N - 3), 2-(N + 3) and 2-N, the ATM layer 35 
device 1 notifies the selection by putting the address 
N+3 on the address signal TxAddr at clock cycle #15, 
and begins to transmit cell data of a next ATM celt at 
clock cycle #1 6 from a top octet, namely, the first header 
octet H1 as the transmission data TxData to the PHY 40 
layer device 2-(N + 3), followed by octets H2, H3, ... 

transmitted at clock cycles #17, #18 

[0017] Here, the ATM layer device 1 may select and 
designate another one of the PHY layer devices 2-{N - 
3) t 2-(N + 3) and 2-N at the clock cycle #15 in place of 45 
the PHY layer device 2-(N + 3), of course, and it is to be 
noted that the cell transmission allowance signal TxClav 
made HIGH by a PHY layer device actually receiving 
cell data, that is, the PHY layer device 2-N, in the exam- 
ple, is defined to be not valid when it is driven more than so 
five clock cycles before transmission of the concerning 
cell data ends, according to the Utopia Level 2 specifi- 
cation. Hence, polling of the PHY layer device 2-N is 
performed by the ATM layer device 1 lastly at clock cycle 
#13, in FIG. 16. 55 
[001 8] The ATM layer device 1 begins again polling of 
PHY layer devices 2-0 to 2-M at second clock cycle #1 7 
of the following cell transmission cycle forwarded to the 



PHY layer device 2-{N + 3). for selecting a PHY layer 
device for a next cell transmission cycle. In the example 
of FIG. 16, an address N+1 is put on the address signal 
TxAddr at clock cycle #17 for polling the PHY layer 
device 2-(N+1), which is followed by the address '1 F of 
the null PHY port put on the address signal TxAddr at 
clock cycle #18. Thus, one PHY layer device is polled at 
every two clock cycles, in the example, and 26 PHY 
layer devices can be polled at maximum in one cell 
transmission cycle. 

[001 9] FIG. 1 7 is a flowchart illustrating driving opera- 
tion of the cell transmission allowance signal TxClav 
performed by a normal PHY layer device defined in the 
Utopia Level 2 specification, that is, a PHY layer device 
which makes HIGH the cell transmission allowance sig- 
nal TxClav when it can accept a whole ATM cell besides 
cell data actually receiving. In the flowchart of FIG. 17, 
a normal PHY layer device 2-n assigned with an 
address n is assumed to be polled at a clock cycle a. 
[0020] At the clock cycle a. the PHY layer device 2-n 
checks whether the polling address on the address sig- 
nal TxAddr is n or not (at step S1). When the polling 
address is n, the PHY layer device 2-n checks whether 
it can accept one more whole ATM cell or not (at step 
S2). When the check result is TRUE, the PHY layer 
device 2-n drives the cell transmission allowance signal 
TxClav to HIGH at the following clock cycle (a + 1) (at 
step S3), and drives the cell transmission allowance sig- 
nal TxClav to LOW at the following clock cycle (a + 1) (at 
step S4) when the check result is FALSE. When the 
polling address on the address signal TxAddr is found to 
be not n at step S1 , the PHY layer device 2-n ends the 
procedure, leaving the cell transmission allowance sig- 
nal TxClav to be driven by another PHY layer device. 
[0021] As heretofore described, necessary conditions 
of the normal PHY layer device and the ATM layer 
device are defined in the Utopia Level 2 specification 
together with details of the interface signals TxAddr and 
so on. However, no concrete configuration of the ATM 
layer device has been disclosed until now. 
[0022] Therefore, a primary object of the present 
invention is to provide a concrete configuration example 
of an ATM layer device which can realize an ATM cell 
transmission system having high data transmission effi- 
ciency cooperating with the normal PHY layer devices 
according to the Utopia Level 2 specification. 
[0023] Another object of the invention is to provide an 
ATM cell transmission system wherein the configuration 
of the ATM layer device is simplified by employing 
enhanced PHY layer devices defined in the Utopia Level 
2 specification in place of the normal PHY layer devices. 
[0024] Still another object of the invention is to provide 
an ATM cell transmission system having high data 
transmission efficiency with the simple configuration 
making use of the normal PHY layer devices and the 
enhanced PHY layer devices in parallel. 
[0025] In order to achieve the object, an ATM cell 
transmission system according to a first embodiment of 
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the invention has an ATM layer device, a data path inter- 
face and a plurality of normal PHY layer devices 
whereof each is connected to the ATM layer device by 
way of the data path interface and returns a HIGH level 
of a cell transmission allowance signal on condition said 5 
each can accept one more whole ATM cell when said 
each is polled by the ATM layer device through the data 
path interface; and the ATM layer device comprises: 

a cell buffer for storing ATM cells to be transmitted 10 
through the normal PHY layer devices; 
FIFO memories each provided corresponding to 
each one of the normal PHY layer devices; 
an output controller for controlling the cell buffer to 
output an ATM cell to be transmitted through one of 15 
the normal PHY layer devices into one of the FIFO 
memories corresponding to said one of the normal 
PHY layer devices, on concfition that the ATM cell is 
stored in the cell buffer and said one of the FIFO 
memories is not full ; 20 
a transmission cell selector for selecting one of the 
FIFO memories as a next sender for transmitting 
cell data through the data path interface at a next 
cell transmission cycle following a current cell trans- 
mission cycle; and 2$ 
a cell transmission controller for 
performing polling of the normal PHY layer devices, 
designating a selected PHY layer device among the 
normal PHY layer devices which have returned the 
HIGH level of the cell transmission allowance signal 30 
to the polling and whereof corresponding FIFO 
memories are not empty, 

controlling the transmission cell selector to select 
one of the FIFO memories corresponding to the 
selected PHY layer device as the next sender, and 35 
designating the selected PHY layer device at an 
end of the current transmission cycle as a next 
receiver of the cell data to be transmitted through 
the data path interface at the next cell transmission 
cycle. 40 

[0026] Therefore, in the ATM cell transmission system 
according to the first embodiment, cell blocking called 
the HOL (Head of Line) blocking, wherein a cell stored 
in a FIFO memory is blocked to be outputted until 45 
another cell formerly inputted in the FIFO memory is 
outputted, is prevented, and accordingly, a high trans- 
mission efficiency is attained, by providing a FIFO mem- 
ory for each one of the normal PHY layer devices. 
[0027] In another ATM cell transmission system so 
according to a second embodiment of the invention, the 
ATM layer device comprises: 

a cell buffer for storing ATM cells to be transmitted 
through the normal PHY layer devices; ss 
FIFO memories each provided corresponding to 
each one of the normal PHY layer devices; 
a transmission ceil selector for selecting one of the 



FIFO memories as a next sender for transmitting 
cell data through the data path interface at a next 
cell transmission cycle following a current ceil trans- 
mission cycle; and 
a cell transmission controller for 
performing polling of the normal PHY layer devices, 
designating a selected PHY layer device among the 
normal PHY layer devices which have returned the 
HIGH level of the cell transmission allowance signal 
to the polling and satisfy either of a first condition 
that at least one ATM cell to be forwarded thereto is 
stored in the cell buffer and a second condition that 
corresponding FIFO memories are not empty, 
controlling the cell buffer to output an ATM cell to be 
transmitted through the selected PHY layer device 
into one of the FIFO memories corresponding to 
the selected PHY layer device on condition that the 
ATM cell is stored in the cell buffer, 
controlling the transmission cell selector to select 
said one of the FIFO memories as the next sender, 
and 

designating the selected PHY layer device at an 
end of the current transmission cycle as a next 
receiver of the cell data to be transmitted through 
the data path interface at the next cell transmission 
cycle. 

[0028] Therefore, also in the ATM cell transmission 
system according to the second embodiment of the 
invention, the HOL blocking of the cell data is prevented 
by providing a FIFO memory for each one of the output 
ports, and accordingly, a high transmission efficiency is 
attained. 

[0029] In another ATM cell transmission system 
according to a third embodiment having an ATM layer 
device, a data path interface and a plurality of enhanced 
PHY layer devices whereof each is connected to the 
ATM layer device by way of the data path interface and 
returns a HIGH level of a cell transmission allowance 
signal on condition said each can accept Kmore whole 
ATM cells when said each is polled by the ATM layer 
device through the data path interface, K being an inte- 
ger more than one; the ATM layer device comprises: 

a cell buffer for storing ATM cells to be transmitted 

through the enhanced PHY layer devices; 

a FIFO memory; 

a cell transmission controller for 

performing polling of the enhanced PHY layer 

devices, 

designating a selected PHY layer device among the 
enhanced PHY layer devices which have returned 
the HIGH level of the cell transmission allowance 
signal to the polling and satisfy a condition that at 
least one ATM cell to be forwarded thereto is stored 
in the cell buffer, 

controlling the cell buffer to output an ATM cell to be 
transmitted through the selected PHY layer device 
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into the FIFO memory together with destination 
information of the ATM celt, 
controlling the FIFO memory to transmit cell data of 
an ATM cell through the data path at a next cell 
transmission cycle when the FIFO memory is not s 
empty, and 

designating an enhanced PHY layer device indi- 
cated by the destination information of the ATM cell 
at an end of the current transmission cycle as a 
next receiver of the cell data to be transmitted 10 
through the data path interface at the next cell 
transmission cycle. 

[0030] Therefore, in the ATM cell transmission system 
according to the third embodiment of the invention mak- 15 
ing use of enhanced PHY layer devices, the ATM cells 
need not wait at FIFO memory and no HOL blocking of 
the cell data occurs, realizing a high transmission effi- 
ciency of the ATM cell transmission system. Further- 
more, the ATM layer device can be simply and 20 
economically configured with one FIFO memory. 
[0031] In still another ATM cell transmission system 
according to a fourth embodiment of the invention hav- 
ing an ATM layer device, a data path interface and a plu- 
rality of PHY layer devices whereof each is connected to 25 
the ATM layer device by way of the data path interface, 
and each is either one of a normal PHY layer device 
which returns a HIGH level of a cell transmission allow- 
ance signal on condition said each can accept one more 
whole ATM cell when said each is polled by the ATM 30 
layer device through the data path interface and an 
enhanced PHY layer device which returns the HIGH 
level of the cell transmission allowance signal on condi- 
tion said each can accept K more whole ATM cells 
when said each is polled by the ATM layer device 35 
through the data path interface, K being an integer more 
than one; the ATM layer device comprises: 

a cell buffer for storing ATM cells to be transmitted 
through the PHY layer devices; 40 
a FIFO memory; 
a cell transmission controller for 
performing polling of the PHY layer devices, 
designating a selected PHY layer device among the 
PHY layer devices which have returned the HIGH 45 
level of the cell transmission allowance signal to the 
polling and satisfy a first condition that at least one 
ATM cell to be forwarded thereto is stored in the cell 
buffer and a second condition that addresses 
thereof are not registered as one of D selected port so 
numbers, O being a number of cell transmission 
cycles needed for outputting an ATM cell from the 
cell buffer to the FIFO memory according to the 
polling after the polling is performed, 
controlling the cell buffer to output an ATM cell to be ss 
transmitted through the selected PHY layer device 
into the FIFO memory together with destination 
information of the ATM ceil, 



replacing one of the D selected port numbers which 
is registered earliest with an address of the 
selected PHY layer device when the selected PHY 
layer device is the normal PHY layer device and 
with an invalid address when the selected PHY 
layer device is the enhanced PHY layer device, 
controlling the FIFO memory to transmit cell data of 
an ATM cell through the data path at a next cell 
transmission cycle when the FIFO memory is not 
empty, and 

designating a PHY layer device indicated by the 
destination information of the ATM cell at an end of 
the current transmission cycle as a next receiver of 
the cell data to be transmitted through the data path 
interface at the next cell transmission cycle. 

[0032] Therefore, an ATM cell transmission system 
having a high transmission efficiency can be realized 
with a single FIFO memory according to the fourth 
embedment of the invention, even when normal PHY 
layer devices defined in the Utopia Level 2 specification 
are included in the PHY layer devices connected to the 
data path interface. 

[0033] The foregoing, further objects, features, and 
advantages of this invention will become apparent from 
a consideration of the following description, the 
appended claims, and the accompanying drawings 
wherein the same numerals indicate the same or the 
corresponding parts. 
[0034] In the drawings: 

FIG. 1 is a block diagram illustrating an ATM cell 
transmission system according to a first embodi- 
ment of the invention; 

FIG. 2 is a flowchart for illustrating operation of the 
output controller 5* of FIG. 1 at a cell transmission 
cycle; 

FIG. 3 is a flowchart illustrating operation of the cell 
transmission controller 10 and the transmission cell 
selector 9 of FIG. 1; 

FIG. 4 is a timing chart illustrating a former part of 
an example of the cell transmission procedure of 
the ATM cell transmission system of FIG. 1 ; 
FIG. 5 is a timing chart illustrating the latter part of 
the example of the cell transmission procedure 
illustrated in FIG. 4; 

FIG. 6 is a block diagram illustrating another ATM 
cell transmission system according to a second 
embodiment of the invention; 
FIG. 7 is a flowchart illustrating operation of the cell 
transmission controller 1 0' of FIG. 6; 
FIG. 8 is a timing chart illustrating an example of the 
cell transmission procedure of the ATM cell trans- 
mission system of FIG. 6; 

FIG. 9 is a block diagram illustrating another ATM 
cell transmission system according to a third 
embodiment of the invention; 
FIG. 10 is a flowchart illustrating operation of the 
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cell transmission controller 10" of FIG. 9; 
FIG. 1 1 is a flowchart illustrating operation of an 
enhanced PHY layer device 2-n assigned an 
address n performed in response to the polling 
from the cell transmission controller 10"; 
FIG. 12 is a timing chart illustrating an example of 
the cell transmission procedure of the ATM cell 
transmission system of FIG. 9; 
FIG. 13 is a block diagram illustrating an ATM cell 
transmission system according to a fourth embodi- 
ment of the invention; 

FIG. 14 is a flowchart illustrating operation of the 
cell transmission controller 10"' of FIG. 13; 
FIG. 15 is a block diagram illustrating a basic con- 
figuration of an ATM cell transmission system 
according to the Utopia Level 2 specification; 
FIG. 16 is a timing chart for illustrating operation of 
the data path interface 3 of FIG. 1 5 described in the 
"Utopia, An ATM-PHY Interface Specification"; and 
FIG. 17 is a flowchart illustrating driving operation 
of the cell transmission allowance signal TxClav 
performed by a normal PHY layer device defined in 
the Utopia Level 2. 

[0035] Now, embodiments of the present invention will 
be described in connection with the drawings. 
[0036] FIG. 1 is a block diagram illustrating an ATM 
cell transmission system according to a first embodi- 
ment of the invention. 

[0037] The ATM transmission system of FIG. 1 com- 
prises an ATM layer device 1 such as an ATM switch, for 
example, PHY (physical) layer devices 2-0 to 2-M each 
provided for each one of a plurality of output ports OP-0 
to OP-M of the ATM cell transmission system, and a 
data path interface 3 for connecting the ATM layer 
device 1 and the PHY layer devices 2-0 to 2-M, in the 
same way with the basic configuration of FIG. 15. 
[0038] The PHY layer devices 2-0 to 2-M are the nor- 
mal PHY layer devices defined in the Utopia Level 2 
specification, and by way of the data path interface 3, 
which is also according to the Utopia Level 2 specifica- 
tion, a transmission clock TxClk. an address signal 
TxAddr, a cell transmission allowance signal TxClav, a 
transmission enabling signal TxEnb, transmission data 
TxData and a transmission start signal TxSOC are 
exchanged, in the same way as described in connection 
with the timing chart of FIG. 16. 
[0039] It is assumed here that the ATM layer device 1 
cannot start transmission of ceil data form a cell buffer 
towards the data path interface 3 but five clock cycles 
after the cell transmission allowance signal TxClav is 
made HIGH by one of the PHY layer devices 2-0 to 2-M, 
or, in other words, there is imposed a condition that five 
clock cycles' delay is needed for starting transmission of 
cell data after the cell transmission allowance signal 
TxClav is made HIGH. 

[0040] In the first embodiment the ATM layer device 1 
is so configured as to enabling the ATM cell transmis- 



sion system to perform cell transmission with high trans- 
mission efficiency, even when such a condition of 
transmission delay is imposed. 
[0041] For dealing with the condition of transmission 

5 delay, the ATM layer device 1 of FIG. 1 comprises FIFO 
(First- In-First-Out) memories 5-0 to 5-M each corre- 
sponding to each one of the PHY layer devices 2-0 to 2- 
M, an output controller 5', a transmission controller 10, 
a transmission cell selector 9, and a cell buffer 4. The 

10 FIFO memories 5-0 to 5-M are provided between the 
cell buffer 4 and the data path interface 3. 
[0042] The cell buffer 4 corresponds to an output celt 
buffer when the ATM layer device 1 is an ATM switch, for 
example. The cell buffer 4 notifies to the output control- 

15 ler 5' for each of the output ports OP-0 to OP-M whether 
there is stored any ATM cell to be forwarded thereto or 
not by way of a cell buffering signal 7, and outputs the 
ATM cell to one of the FIFO memories 5-0 to 5-M corre- 
sponding to its destination in accordance with a cell out- 

20 put command 6 delivered from the output controller 5'. 
[0043] When one of the FIFO memories 5-0 to 5-M 
becomes full, it outputs a full signal 8 to the output con- 
troller 5'. 

[0044] The output controller 5* is notified of presence 
25 of the ATM cell to be forwarded to each of the output 
ports OP-0 to OP-M by the cell buffering signal 7, and 
notified of cell-acceptability of the FIFO memories 5-0 to 
5-M by the full signals 8. 

[0045] FIG. 2 is a flowchart for illustrating operation of 

30 the output controller 5* at a cell transmission cycle. 
[0046] The output controller 5' checks (at step S1 1) if 
there is an output port OP-m, for every of m from 0 to M, 
which satisfies a first condition that there is stored at 
least one ATM cell to be forwarded to the output port 

35 OP-m in the cell buffer 4, and, at the same time, a sec- 
ond condition that the FIFO memory 5-m corresponding 
to the output port OP-m is not full. 
[0047] When there is found no output port OP-m 
which satisfies the first and the second condition, the 

40 output controller 5' performs nothing else in the cell 
transmission cycle. When there is found at least one 
output port satisfying the first and the second condition, 
the output controller 5' designates one selected output 
port among output ports satisfying the first and the sec- 

45 ond condition (at step SI 2) according to an appropriate 
algorithm, and delivers the cell output command 6 to the 
cell buffer 4 (at step S13) indicating to output an ATM 
cell to be forwarded to the selected output port. 
[0048] The cell buffer 4 outputs an ATM cell to be for- 

so warded to the selected output port to corresponding one 
of the FIFO memories 5-0 to 5-M according to the cell 
output command 6. 

[0049] The ATM cell stored in the FIFO memories 5-0 
to 5-M are transmitted as the transmission data TxData, 
55 octed by octed, selected by the transmission cell selec- 
tor 9 according to indication of the transmission control- 
ler 10. 

[0050] FIG. 3 is a flowchart illustrating operation of the 
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cell transmission controller 10 and the transmission cell 
selector 9, 

[0051] The cell transmission controller 10 performs 
polling of the PHY layer devices 2-0 to 2-M (at step S21) 
in a cell transmission cycle making use of the address 
signal TxAddr in such a way as previously described in 
the back ground section of the specification, and 
acquires addresses of normal PHY layer devices which 
have returned HIGH level of the cell transmission allow- 
ance signal TxClav. 

[0052] As previously described in connection with 
FIG. 17, the normal PHY layer devices make HIGH the 
cell transmission allowance signal TxClav when they 
can accept at least one more whole ATM cell, and the 
HIGH level of the cell transmission allowance signal 
TxClav returned by the PHY layer device actually 
receiving cell data is valid only when it is made HIGH at 
last five clock cycles of the cell data transmission. 
Therefore, the cell transmission controller 10 of FIG. 1 
performs polling of the PHY layer devices 2-0 to 2-M in 
such order that the PHY layer device actually receiving 
cell data can reply at one of the last five clock cycles of 
the cell data transmission. 

[0053] On the other hand, when any of the FIFO mem- 
ories 5-0 to 5-M becomes empty, it sends an empty sig- 
nal 11 to the cell transmission controller 10. 
[0054] From the polling results and the empty signals 
11, the cell transmission controller 10 checks (at step 
S22) an output port OP-m, for every ofm = 0toM, rfit 
satisfies or not a third condition that the normal PHY 
layer device 2-m, whereto the concerning output port 
OP-m belongs, has made HIGH the cell transmission 
allowance signal TxClav, and at the same time, a fourth 
condition that the FIFO memory 5-m corresponding to 
the concerning output port OP-m is not empty. 
[0055] When none of the output ports OP-0 to OP-M 
satisfies the above two condition, the cell transmission 
controller 10 performs nothing else at this cell transmis- 
sion cycle. When there are found some output port6 sat- 
isfying the third and the fourth conditions at the same 
time, the cell transmission controller 10 designates one 
selected output port among output ports satisfying them 
(at step S23) according to an appropriate algorithm, and 
delivers a cell selection command (at step S24) to the 
transmission cell selector 9, indicating to select a FIFO 
memory corresponding to the selected output port as 
the FIFO memory wherefrom cell data is to be outputted 
at the next cell transmission cycle. 
[0056] Receiving the cell selection command, the 
transmission cell selector 9 selects the FIFO memory 
corresponding to the selected output port, for outputting 
cell data as the transmission cell data TxData at the 
next cell transmission cycle. 

[0057] Then, at the last dock cycle (the 54-th clock 
cycle) of the current cell transmission cycle, the cell 
transmission controller 10 designates (at step S25) a 
normal PHY layer device which should receive the cell 
data at the next cell transmission cycle, by putting 



address of the normal PHY layer device whereto the 
selected output port belongs on the address signal 
TxAddr. 

[0058] Thus, the next cell transmission cycle begins. 

s [0059] FIGs. 4 and 5 are timing charts illustrating an 
example of the cell transmission procedure of the ATM 
cell transmission system of FIG. 1. 
[0060] In the example of FIGs. 4 and 5, following con- 
ditions are assumed. 

io [0061 ] Only two normal PHY layer devices 2-0 and 2- 
1 having output port OP-0 and OP-1, respectively, are 
assumed to be comprised in the ATM cell transmission 
system, and hence, only two FIFO memories 5-0 and 5- 
1 are provided in the ATM layer device 1 . 

15 [0062] As to the imposed transmission delay condition 
above described of the ATM layer device 1, it is 
assumed that it takes more than four clock cycles and 
not more than one cell transmission cycle, that is, not 
more than 54 clock cycles, for the cell buffer 4 to output 

20 an ATM cell to the FIFO memory 5-0 or 5- 1 after the out- 
put controller 5' begins to check if there is an output port 
satisfying the first and the second conditions at step 
S11 of FIG. 2. 

[0063] The cell buffer 4 is assumed to have sufficient 
25 ATM cells to be forwarded to the output ports OP-0 and 
OP-1 , and the check performed at step S22 of FIG. 3 by 
the cell transmission controller 10 whether there is an 
output port satisfying the third and the fourth conditions 
is assumed to be performed among last 6 clock cycles 
30 of each cell transmission cycle, that is, from a clock 
cycle whereby 44-th payload octet P44 is transmitted 
until the last clock cycle whereby a next PHY layer 
device is designated. 

[0064] Referring to FIG. 4, neither of the FIFO memo- 
35 ries 5-0 and 5-1 asserts the full signal 8 (8-0 and 8-1 in 
FIGs. 4 and 5) at the beginning of a first cell transmis- 
sion cycle #1 , which means both the FIFO memories 5- 
0 and 5-1 can store one more ATM cell, and the cell 
buffer 4 is assumed to be storing ATM cells to be for- 
40 warded to the output ports OP-0 and OP-1 . Hence, the 
check result performed by the output controller 5* at step 
S11 of FIG. 2 becomes TRUE, both the output ports 
OP-0 and OP-1 satisfying the first and the second con- 
dition. 

45 [0065] In the example, the output port OP-0 is 
selected at step S12 of FIG. 2 and an ATM cell A is out- 
put from the cell buffer 4 to be inputted to the FIFO 
memory 5-0, at the first cell transmission cycle #1 . 
[0066] Receiving the ATM cell A, the FIFO memory 5- 

so 0 disables its empty signal 1 1 (1 1-0 in FIGs. 4 and 5). 
[0067] Here, it is also assumed that the input speed of 
the cell data to the FIFO memories 5-0 and 5-1 is not 
slower than the output speed of cell data therefrom. 
[0068] Meantime, the cell transmission controller 10 

55 performs polling of the PHY layer devices 2-0 and 2-1 in 
parallel with the cell transfer performed by the output 
controller 5\ and the PHY layer device 2-0 returns HIGH 
level of the cell transmission allowance signal TxClav at 
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a clock cycle of the first cell transmission cycle #1 , in the 
example of FIG. 4. 

[0069] Therefore, at last six clock cycles of the first cell 
transmission cycle #1, the cell transmission controller 
10 decides to transmit cell data toward the output port s 
OP-0 at next cell transmission cycle and incficates the 
transmission cell selector 9 to select the corresponding 
FIFO memory 5-0. designating the PHY layer device 2- 
0 at the last clock cycle of the first cell transmission 
cycle #1. 

[0070] At a second cell transmission cycle #2, the 
FIFO memory 5-0 is selected by the transmission cell 
selector 9 and the ATM cell A is output and transmitted 
as the transmission cell data TxData to the PHY layer 
device 2-0, and meantime another ATM cell B to be for- 
warded to the output port OP-1 is transferred from the 
cell buffer 4 to the FIFO memory 5-1. in the same way 
as above described. 

[0071] Thus, the cell transmission is performed in a 
similar way at the following cell transmission cycles, as 
illustrated extending to FIG. 5. 
[0072] Here, it is to be noted that an ATM cell E, which 
is transferred from the cell buffer 4 to the FIFO memory 
5-0 after another ATM cell D is transferred to the FIFO 
memory 5-1 , is transmitted as the transmission cell data 
TxData at the seventh cell transmission cycle #7, pre- 
ceding the ATM cell D which is transmitted at the eighth 
cell transmission cycle #8. This is because the normal 
PHY layer device 2-1 has not returned HIGH level of the 
ceil transmission allowance signal TxClav in the sixth 
cell transmission cycle #6 and the other normal PHY 
layer device 2-0 has returned the HIGH level of the cell 
transmission allowance signal TxClav at beginning of 
the last six clock cycles of the sixth celt transmission 
cycle #6. 

[0073] As heretofore described, in the ATM cell trans- 
mission system of FIG. 1 according to the first embodi- 
ment of the invention, cell blocking called the HOL 
(Head of Line) blocking, wherein a cell stored in a FIFO 
memory is blocked to be outputted until another cell for- 
merly inputted in the FIFO memory is outputted, is pre- 
vented, and accordingly, a high transmission efficiency 
is attained, by providing a FIFO memory for each one of 
the output ports. 

[0074] FIG. 6 is a block diagram illustrating another 
ATM cell transmission system according to a second 
embodiment of the invention. 
[0075] As can be seen from FIG. 6, the ATM cell trans- 
mission system of the second embodiment has the 
same configuration with the ATM cell transmission sys- 
tem of FIG. 1, except that a cell transmission controller 
1 0' is provided in the ATM layer device 1 in place of the 
output controller 5' and the cell transmission controller 
10 of FIG. 1. 

[0076] In the ATM layer device 1 of FIG. 6, the cell buf- 
ferring signal 7 from the cell buffer 4 is delivered to the 
cell transmission controller 10'. and the cell buffer 4 out- 
puts ATM cells to the FIFO memories 5-0 to 5-M in 



accordance with the cell output command 6 outputted 
from the cell transmission controller 10', and the ATM 
cells stored in the FIFO memories 5-0 to 5-M are 
selected by the transmission cell selector 9 and trans- 
mitted by way of the data path interface 3, accorcfing to 
the cell selection signal delivered from the cell transmis- 
sion controller 10' in the same way with the ATM layer 
device 1 of FIG. 1. 

[0077] The cell transmission controller 10' is notified 
of presence in the cell buffer 4 of the ATM cell to be for- 
warded to each of the output ports OP-0 to OP-M by the 
cell buffering signal 7, and notified of presence in each 
of the FIFO memories 5-0 to 5-M of the ATM cell to be 
forwarded to respective one of the output port OP-0 to 
OP-M by the empty signals 1 1 . Furthermore, the cell 
transmission controller 10* acquires information of the 
normal PHY layer devices 2-0 to 2-M concerning 
acceptability of one more whole ATM cell by performing 
polling of the PHY layer devices 2-0 to 2-M and check- 
ing the cell transmission allowance signal TxClav in the 
same way with the cell transmission controller 10 of 
FIG. 1. 

[0078] FIG. 7 is a flowchart illustrating operation of the 
cell transmission controller 10' of FIG. 6. 
[0079] The cell transmission controller 10* performs 
polling of the PHY layer devices 2-0 to 2-M (at step S31) 
in a cell transmission cycle making use of the address 
signal TxAddr in the same way as beforehand 
described, and acquires addresses of normal PHY layer 
devices which have returned HIGH level of the cell 
transmission allowance signal TxClav. 
[0080] As described in connection with FIG. 17, the 
normal PHY layer devices make HIGH the cell transmis- 
sion allowance signal TxClav when they can accept at 
least one more whole ATM cell, and the HIGH level of 
the cell transmission allowance signal TxClav returned 
by the PHY layer device actually receiving cell data is 
valid only when it is made HIGH at last five clock cycles 
of the cell data transmission. Therefore, the cell trans- 
mission controller 10* of FIG. 6 also performs polling of 
the PHY layer devices 2-0 to 2-M in such order that the 
PHY layer device actually receiving cell data can reply 
at one of the last five clock cycles of the cell data trans- 
mission. 

[0081] Then, at step S32, the cell transmission con- 
troller 10* checks for every of m = 0 to M if the output 
port OP-m satisfies or not either of a first condition (C1) 
and a second condition (C2) together with a third condi- 
tion (C3). 

[0082] Here, the first condition is that at least one ATM 
cell to be forwarded to the output port OP-m is stored in 
the cell buffer 4; 

the second condition is that the empty signal 11 is 
not enabled by the FIFO memory 5-m correspond- 
ing to the output port OP-m, that is, cell data of an 
ATM cell to be forwarded to the output port OP-m is 
stored in the FIFO memory 5-m; and 
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the third condition is that the PHY layer device 2-m 
whereto the output port OP-m belongs has 
returned HIGH level of the cell transmission allow- 
ance signal TxCiav. 

[0083] If any of the output port OP-0 to OP-M does not 
satisfy the third condition, or satisfies neither of the first 
nor the second condition even if it satisfies the third con- 
dition, the ceil transmission controller 10' performs noth- 
ing else in the cell transmission cycle. 
[0084] If there is found at least one output port which 
satisfies either the first or the second condition together 
with the third condition, the cell transmission controller 
10' designates one of them as the selected output port 
(at step S33) according to an appropriate algorithm. 
[0085] Then, the cell transmission controller 10' 
checks (at step S34) whether the selected output port 
satisfies the above first condition. When there is any 
ATM cell to be forwarded to the selected output port, the 
cell transmission controller 10' indicates the cell buffer 4 
to output the ATM cell to corresponding one of the FIFO 
memories 5-0 to 5-M by way of the cell output command 
6 (at step S35) and performs step S36, while otherwise, 
the cell transmission controller 10' performs the step 
S36 directly. 

[0086] At the step $36, the cell transmission controller 
10' checks whether the selected output port satisfies or 
not the above second condition, that is, whether there is 
stored or not cell data of the ATM cell to be forwarded to 
the selected output port in the corresponding FIFO 
memory. 

[0087] When the selected output port satisfies the 
second condition, the cell transmission controller 10' 
indicates the transmission cell selector 9 to select the 
corresponding FIFO memory by the cell selection com- 
mand (at step S3 7), whereby the transmission cell 
selector 9 selects the FIFO memory for outputting cell 
data as the transmission cell data TxData of the next 
cell transmission cycle, and finally, at the last clock cycle 
(the 54-th clock cycle) of the current cell transmission 
cycle, the cell transmission controller 10 designates (at 
step S38) a normal PHY layer device which should 
receive the cell data at the next cell transmission cycle, 
by putting address of the normal PHY layer device 
whereto the selected output port belongs on the 
address signal TxAddr. 

[0088] When the selected output port is found not to 
satisfy the second condition at step S36, the cell trans- 
mission controller 10' ends its procedure of the current 
cell transmission cycle without performing anything 
else. 

[0089] FIG. 8 is a timing chart illustrating an example 
of the cell transmission procedure of the ATM cell trans- 
mission system of FIG. 6. 

[0090] In the example of FIG. 8, similar conditions as 
assumed in FIGs. 4 and 5 are assumed as follows. 
[0091 ] Only two normal PHY layer devices 2-0 and 2- 
1 having output port OP-0 and OP-1, respectively, are 



comprised in the ATM cell transmission system, and 
hence, only two FIFO memories 5-0 and 5-1 are pro- 
vided in the ATM layer device 1 , the cell buffer 4 has suf- 
ficient ATM cells to be forwarded to the output ports OP- 
0 and OP-1 , and the checks at steps S32, S34 and S36 
of FIG. 7 is performed by the cell transmission controller 
10' among last 6 clock cycles of each cell transmission 
cycle, that is, from a clock cycle whereby 44-th payload 
octet P44 is transmitted until the last clock cycle 
whereby next PHY layer device is designated. 
[0092] Referring to FIG. 8, in reply to the polling per- 
formed at a first cell transmission cycle #1 , only the PHY 
layer device 2-0 returns HIGH level of the cell transmis- 
sion allowance signal TxCiav, and the cell transmission 
controller 10* knows only the PHY layer device 2-0 can 
accept data of a whole ATM cell. The empty signals 1 1 
of both the FIFO memories 5-0 and 5-1 are at HIGH 
level at the first cell transmission cycle #1 . 
[0093] ATM cells to be forwarded to the output ports 
OP-0 and OP-1 being stored in the cell buffer 4, the 
check result at step S32 of FIG. 7 becomes TRUE and 
the output port OP-0 is designated as the selected out- 
put port at step S33. Hence, the cell transmission con- 
troller 1 0' indicates the cell buffer 4 to output an ATM cell 
A to be forwarded to the output port OP-0 at step S35. 
[0094] At the second cell transmission cycle #2, the 
ATM cell A is transferred to the FIFO memory 5-0, and 
at the same time, the cell transmission controller 10' 
indicates the cell buffer 4 to output another ATM cell B 
forwarded to the output port OP-0 into the FIFO mem- 
ory 5-0, because also at the second cell transmission 
cycle #2, only the PHY layer device 2-0 returns HIGH 
level of the cell transmission allowance signal TxCiav. 
[0095] At the third cell transmission cycle #3, the ATM 
cell B is transferred from the cell buffer 4 to the FIFO 
memory 5-0, and at the same time the cell transmission 
controller 10* indicates the cell buffer 4 to output an ATM 
cell C forwarded to the output port OP-1 into the FIFO 
memory 5-1, since the PHY layer device 2-1 returns 
HIGH level of the cell transmission allowance signal 
TxCiav at the third cell transmission cycle #3. 
[0096] Furthermore, the ATM cell A stored in the FIFO 
memory 5-0 is transmitted to the PHY layer device 2-0 
as the transmission cell data TxData at the third cell 
transmission cycle #3. This is because the PHY layer 
device 2-0 has returned the HIGH level of the cell trans- 
mission allowance signal TxCiav at the second cell 
transmission cycle #2, and the empty signal 1 1 (1 1 -0) of 
the FIFO memory 5-0 was disabled at last six clock 
cycles of the second cell transmission cycle, making 
TRUE the check result at step S36 of FIG. 7. Therefore, 
the cell transmission controller 10* indicated the trans- 
mission cell selector 9 to select the FIFO memory 5-0 
and designated the PHY layer device 2-0 as the receiver 
of the transmission cell data TxData, at the last clock 
cycle of the second cell transmission cycle #2. 
[0097] Thus, the cell transmission is performed in a 
similar way at the following cell transmission cycles #4, 
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#5 and so on, as illustrated in FIG. 8. 
[0098] Here, in the example of FIG. 8. the ATM cell C 
is transmitted from the FIFO memory 5-1 to the PHY 
layer device 2-1 at the fifth cell transmission cycle #5 
preceding the ATM cell B which is outputted from the 
cell buffer 4 before the ATM cell B, and transmitted to 
the PHY layer device 2-0 at the sixth cell transmission 
cycle #6. This is because the HIGH level of the cell 
transmission signal TxClav was not returned from the 
PHY layer device 2-0 at the fourth cell transmission 
cycle #4. The situation is the same between an ATM cell 
E which is transmitted to the PHY layer device 2-0 at the 
seventh cell transmission cycle #7 just following the 
ATM cell B, and an ATM cell D which is transmitted to 
the PHY layer device 2-1 at the eighth cell transmission 
cycle #8. 

[0099] As heretofore described, also in the ATM cell 
transmission system of FIG. 6 according to the second 
embodiment of the invention, the HOL blocking of the 
cell data is prevented by providing a FIFO memory for 
each one of the output ports, and accordingly, a high 
transmission efficiency is attained. 
[0100] FIG. 9 is a block diagram illustrating another 
ATM cell transmission system according to a third 
embodiment of the invention. 
[01 01 ] In the ATM cell transmission system of the third 
embodiment, a plurality of enhanced PHY layer devices 
2*-0 to 2'-M are connected to the data path interface 3 in 
place of the normal PHY layer devices 2-0 to 2-M of 
FIG. 6 or FIG. 1 , and the ATM layer device 1 comprises 
a single FIFO memory 5 provided in place of the FIFO 
memories 5-0 to 5-M, a cell buffer 4 and a cell transmis- 
sion controller 1 0" connected to the cell buffer 4 and the 
FIFO memory 5. 

[0102] The normal PHY layer device is defined to 
return HIGH level of the cell transmission allowance sig- 
nal TxClav on condition it can accept at least one more 
whole ATM cell, in the Utopia Level 2 specification. 
[0103] On the other hand, the enhanced PHY layer 
device defined in the Utopia Level 2 specification 
returns the HIGH level of the cell transmission allow- 
ance signal TxClav on condition it can accept at least K 
whole ATM cells besides cell data actually receiving, if 
there is any, K being an integer more than one. 
[0104] The cell buffer 4 delivers the cell buffering sig- 
nal 7 to the cell transmission controller 10' in the same 
way with the cell buffer 4 of FIG. 6, and outputs an ATM 
cell having a destination indicated in the cell output 
command 6 to the FIFO 5 together with destination 
information of the ATM cell, that is, a port number of one 
of the output ports OP-0 to OP-M each belonging 
respective one of the enhanced PHY layer devices 2'-0 
to 2'M, in accordance with the cell output command 6 
delivered from the cell transmission controller 10". 
[0105] The ATM cell inputted to the FIFO memory 5 is 
outputted together with its destination information, 
whereof ceil data is transmitted through the data path 
interface 3 as the transmission cell data TxData, and 



the destination information is inputted to the cell trans- 
mission controller 10" as an output port number signal 
12 when the empty signal 1 1 is disabled. 
[0106] Differently from the first and the second 

s embodiment the ATM cell stored in the FIFO memory 5 
does not watt for being selected by the transmission cell 
selector 9 of FIG. 1 or FIG. 6 which is controlled by the 
cell transmission controller 10 or 10'. in the ATM layer 
device 1 of FIG. 9 according to the third embodiment of 

10 the invention. 

[01 07] The cell buffer 4 delivers the cell buffering sig- 
nal 7 to the cell transmission controller 10", and the 
FIFO memory 5 enables the empty signal 1 1 when it 
becomes empty. The celt transmission controller 10" 

15 knows presence of ATM cells in the cell buffer 4 to be 
forwarded to each one of the output ports OP-0 to OP- 
M from the cell buffering signal 7, and presence of cell 
data of an ATM cell prepared in the FIFO memory 5 to 
be transmitted through the data path interface 3 as the 

20 transmission cell data TxData from the empty signal 1 1 . 
[0108] Further, the cell transmission controller 10" 
knows enhanced PHY layer devices which can accept 
at least K more ATM cells, by performing polling of the 
enhanced PHY layer devices 2'-0 to 2*-M. 

25 [0109] FIG. 10 is a flowchart illustrating operation of 
the cell transmission controller 10" of FIG. 9. 
[01 1 0] Referring to FIG. 1 0. the cell transmission con- 
troller 10" performs (at step S41) polling of the 
enhanced PHY layer devices 2'-0 to 2*-M at every cell 

30 transmission cycle by putting addresses thereof one by 
one on the address signal TxAddr, in the same way as 
described in connection with the first or the second 
embodiment and knows the enhanced PHY layer 
devices which return HIGH level of the cell transmission 

3$ allowance signal TxClav asserting to be able to accept 
at least K more ATM cells. 

[0111] Then, the cell transmission controller 10" 
checks (at step S42), for every of m = 0 to M if the out- 
put port OP-m satisfies a first condition that at least one 

40 ATM cell to be forwarded to the output port OP-m is 
stored in the cell buffer 4, and a second condition that 
the enhanced PHY layer device 2'-m whereto the output 
port OP-m belongs has returned HIGH level of the cell 
transmission allowance signal TxClav. 

45 [01 12] If there is found at least one output port which 
satisfies both the first and the second condition, the celt 
transmission controller 10" designate one of them as a 
selected output port (at step S43) according to an 
appropriate algorithm, and indicates (at step S44) the 

so cell buffer 4 to output an ATM to be forwarded to the 
selected output port into the FIFO memory 5, before 
proceeding to step S45. 

[01 1 3] When no output port is found to satisfy the first 
and the second condition at step $42. the cell transmis- 
55 sion controller 10" proceeds directly to the step S45 
without performing steps S43 and S44. 
[01 14] At the step S45, the cell transmission controller 
10" checks whether the empty signal 11 is enabled or 
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not by the FIFO memory 5. When the empty signal 1 1 is 
enabled, the cell transmission controller ends its proce- 
dure of the current cell transmission cycle without per- 
forming nothing else. 

[011 5] When the empty signal 1 1 is confirmed to be s 
disabled, which means there is stored cell data of an 
ATM cell in the FIFO memory 5 prepared to be transmit- 
ted, the cell transmission controller 10" puts an address 
of the enhanced PHY layer device accommodating the 
output port notified from the FIFO memory 5 by way of 10 
the output port number signal 12 (at step S46), on the 
address signal TxAddr at the last (54-th) clock cycle of 
the current cell transmission cycle, for designating the 
enhanced PHY layer device as the receiver of the trans- 
mission cell data TxData of next cell transmission cycle. 
[0116] FIG. 1 1 is a flowchart illustrating operation of 
an enhanced PHY layer device 2'-n assigned an 
address n performed in response to the polling from the 
cell transmission controller 10". 
[011 7] When, at a clock cycle a. an address is put on 
the address signal TxAddr, the enhance PHY layer 
device 2'-n checks (at step S51) whether the address is 
n or not. When the check result is TRUE, the enhanced 
PHY layer device 2*-n checks (at step S52) whether it 
can accept at least K more ATM cells or not, besides 
cell data actually receiving when it is receiving cell data. 
When the check result at step S52 is TRUE, the 
enhanced PHY layer device 2'-n drives the cell trans- 
mission allowance signal TxClav to HIGH level (at step 
S53), and otherwise drives it to LOW level (at step S54). 
at the next clock cycle a + 1 . 

[0118] When the check result at step S51 is FALSE, 
the enhanced PHY layer device Z-n ends the procedure 
leaving the cell transmission allowance signal TxClav 
driven by another PHY layer device. 
[01 1 9] FIG. 1 2 is a timing chart illustrating an example 
of the cell transmission procedure of the ATM cell trans- 
mission system of FIG. 9 according to the third embodi- 
ment. 

[0120] Also in the example of FIG. 1 1 , similar condi- 
tions as assumed in FIG. 8 are assumed, that is, only 
two enhanced PHY layer devices 2'-0 and 2*-l having 
output port OP-0 and OP-1 , respectively, are comprised 
in the ATM cell transmission system, the cell buffer 4 
has sufficient ATM cells to be forwarded to the output 
ports OP-0 and OP-1 1 and the checks at steps S42 and 
S45 of FIG. 10 is performed by the cell transmission 
controller 10" among last 6 clock cycles of each cell 
transmission cycle, that is, from a clock cycle whereby 
44-th payload octet P44 is transmitted until the last clock 
cycle whereby next enhanced PHY layer device is des- 
ignated. 

[0121] In the example of FIG. 12, the FIFO memory 5 
is empty at the beginning of a first cell transmission 
cycle #1. 

[0122] Referring to FIG. 12, in reply to the polling per- 
formed at the first ceil transmission cycle #1, only the 
enhanced PHY layer device 2'-0 returns HIGH level of 



the cell transmission allowance signal TxClav, and the 
cell transmission controller 10" knows the enhanced 
PHY layer device 2'-0 can accept data of at least K 
more whole ATM cells. 

[01 23] ATM cells to be forwarded to the output ports 
OP-0 and OP-1 being stored in the cell buffer 4, the 
check result at step S42 of FIG. 10 becomes TRUE and 
the output port OP-0 is designated as the selected out- 
put port at step S43. Thus, the cell transmission control- 
ler 10" indicates the cell buffer 4 to output an ATM cell A 
to be forwarded to the output port OP-0 at step S44 of 
FIG. 10. 

[0124] At the second cell transmission cycle #2, the 
ATM cell A is transferred to the FIFO memory 5. and at 
the same time, the cell transmisssion controller 1 0" indi- 
cates the cell buffer 4 to output another ATM cell B for- 
warded to the output port OP-0 into the FIFO memory 5, 
because also at the second cell transmission cycle #2, 
only the enhanced PHY layer device 2'-0 returns HIGH 
level of the cell transmission allowance signal TxClav. 
[01 25] At the third cell transmission cycle #3 , the ATM 
cell B is transferred from the cell buffer 4 to the FIFO 
memory 5, and at the same time the cell transmission 
controller 10 M indicates the cell buffer 4 to output an 
ATM cell C forwarded to the output port OP-1 into the 
FIFO memory 5, since the enhanced PHY layer device 
2*-1 returns HIGH level of the cell transmission allow- 
ance signal TxClav at the third cell transmission cycle 
#3. 

[01 26] Furthermore, the ATM cell A stored in the FIFO 
memory 5 is transmitted from the FIFO memory 5 to the 
enhanced PHY layer device 2*-0 as the transmission cell 
data TxData. This is because destination information of 
the ATM cell A was already stored in the FIFO memory 
5 at the last six clock cycles of the preceding cell trans- 
mission cycle #2 together with begining part of the ATM 
cell A, and hence, the FIFO memory was not empty at 
the timing, giving the check result TRUE at step S45 of 
FIG. 10. 

[0127] Thus, the cell transmission procedure is 
repeated as depicted in FIG. 12. 
[0128] Here, at the fourth cell transmission cycle #4, 
the ATM cell B is transmitted to the enhanced PHY layer 
device 2*-0 which has returned LOW level of the cell 
transmission allowance signal TxClav to the polling per- 
formed at the preceding cell transmission cycle #3. 
[0129] When the PHY layer device 2'-0 is a normal 
PHY layer device defined in the Utopia Level 2 specifi- 
cation, the PHY layer device 2'-0 may not accept the cell 
data of the ATM cell B. However, the enhanced PHY 
layer device 2'-0 can accept yet K - 1 more whole ATM 
ceils at the timing when it begins to return LOW level of 
the cell transmission allowance signal TxClav. There- 
fore, the enhanced PHY layer device 2'~0 can accept the 
ATM cell B at the fourth cell transmission cycle #4. 
[0130] In the example of FIG. 12, the cell number K is 
designed to be K = 2. Generally describing, the cell 
number K is to be designed asK^D + 1 in a case 
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where D cell transmission cycles is needed for an ATM 
cell is outputted from the ceil buffer 4 into the FIFO 
memory 5 after polling of the enhanced PHY layer 
devices 2'-0 to 2'-M at-step S41 of FIG. 10 is performed. 
[01 31 ] As heretofore described, in the ATM cell trans- 
mission system of FIG. 9 according to the third embodi- 
ment of the invention, the ATM cells need not wart at 
FIFO memory 5 and therefore no HOL blocking of the 
cell data occurs, realizing a high transmission efficiency 
of the ATM cell transmission system. Furthermore, the 
ATM layer device 1 can be simply and economically 
configured with only one FIFO memory. 
[0132] FIG. 13 is a block diagram illustrating an ATM 
cell transmission system according to a fourth embodi- 
ment of the invention, which has the same configuration 
with the ATM cell transmission system of FIG. 9 except 
that the normal PHY layer devices and the enhanced 
PHY layer devices defined in the Utopia Level 2 specifi- 
cation are both connected mixed in parallel to the data 
path interface 3 and that the cell transmission controller 
1 0" is replaced with another cell transmission controller 
10 m . 

[0133] FIG. 14 is a flowchart illustrating operation of 
the cell transmission controller 10'" of FIG. 13. 
[01 34] At every cell transmission cycle, the cell trans- 
mission controller 10"' performs (at step S61) polling of 
a plurality of PHY layer devices 2"-0 to 2"-M including 
the normal PHY layer devices and the enhanced PHY 
layer devices defined in the Utopia Level 2 specification. 
The normal PHY layer devices reply to the polling as 
described in connection with the flowchart of FIG. 17, 
the enhanced PHY layer devices reply to the polling as 
described in connection with the flowchart of FIG. 11. 
and the cell transmission controller knows addresses of 
the PHY layer devices returning HIGH level of the cell 
transmission allowance signal TxClav. The HIGH level 
of the cell transmission signal TxClav returned from the 
PHY layer device whereto cell data is actually transmit- 
ted is valid only when it is returned in the last five clocks 
of the cell transmission cycle. Therefore, the cell trans- 
mission controller 10'" polls the PHY layer devices so 
that the PHY layer device actually receiving the trans- 
mission cell data TxData can respond at the last five 
clock cycles of the cell transmission, in the same way 
with the other embodiments. 

[0135] In the ceil transmission controller 10"' of the 
fourth embodiment, D selected port numbers L D to L| 
are registered, D being a number of cell transmission 
cycles needed for an ATM cell is outputted from the cell 
buffer 4 into the FIFO memory 5 after polling at step S61 
is performed. 

[0136] The selected port numbers L D to L 1 represent 
normal PHY layer devices whereto selected output 
ports designated in the last D cell transmission cycles 
belongs, as follows. Each of the selected port numbers 
L D to L 1 is the address of PHY layer device whereto the 
respective selected output port belongs when the 
respective output port belongs to one of the normal 



PHY layer devices, and the address '1 F of the null PHY 
port when the respective selected output port belongs 
one of the enhanced PHY layer devices. The selected 
port numbers L D to L| are registered in a shift register, 
s for example, provided in the cell transmission controller 
10'". 

[01 37] Returning to FIG. 1 4, the cell transmission con- 
troller 10"' checks (at step S62) for every of m = 0 to M 
rf the output port OP-m satisfies a first condition that the 

10 address of the corresponding PHY layer device 2"-m is 
not registered as any of the selected port numbers L 0 to 
L 1t a second condition that at least one ATM cell to be 
forwarded to the output port OP-m is stored in the cell 
buffer 4, and a third condition that the corresponding 

15 PHY layer device 2"-m whereto the output port OP-m 
belongs has returned HIGH level of the cell transmis- 
sion allowance signal TxClav, at the same time. 
[0138] H there is found at least one output port which 
satisfies all of the first, the second and the third condi* 

20 tion, the cell transmission controller 10"' designate one 
of them as a selected output port (at step S63) accord- 
ing to an appropriate algorithm, and indicates (at step 
S64) the cell buffer 4 to output an ATM cell to be for- 
warded to the selected output port into the FIFO mem* 

25 ory 5, before proceeding to step S65. 

[01 39] When no output port is found to satisfy all of the 
first, the second and the third condition at step S62, the 
cell transmission controller 10"' proceeds directly to the 
step S65 without performing steps S63 and S64. 

30 [01 40] At the step S65, the cell transmission controller 
10"' shifts the selected port numbers L D to L 2 by one 
cell transmission cycle such as Lj <- Lg, <- L 3 L D . 

[0141] Then, the cell transmission controller 10"' 

35 checks whether the selected output port belongs one of 
the enhanced PHY layer devices or not (at step S66). 
When it is TRUE, the cell transmission controller 10"' 
registers address '1F of the null PHY port as the port 
number L D (at step S67), and otherwise, registers 

40 address of the corresponding normal PHY layer device 
as the port number L D (at step S68). Thus, addresses 
of the normal PHY layer devices whereto ATM cells are 
transmitted at preceding D cell transmission cycles are 
registered in the cell transmission controller 10'". 

45 [0142] Then (at step S69), the cell transmission con- 
troller 10*" checks whether the empty signal 11 is ena- 
bled by the FIFO memory 5 or not. 
[0143] When it is enabled, the cell transmission con- 
troller 10'" ends Its procedure at the current cell trans- 

so mission cycle without performing nothing else. When it 
is not enabled, the cell transmission controller 10"' puts 
the address of the PHY layer device notified from the 
FIFO memory 5 by way of the output port number signal 
12, on the address signal TxAddr at the last (54-th) 

55 clock cycle of the current cell transmission cycle (at step 
S70), for designating the PHY layer device as the 
receiver of the transmission cell data TxData of the next 
cell transmission cycle. 
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[0144] As above described, the cell transmission con- 
troller 10"' checks the selected port numbers L D to L 1f 
that is, port numbers of normal PHY layer devices 
whereto cell data transmission after the last polling is 
already scheduled, and omits them from candidates of $ 
the selected output port to be designated at step S63. 
Therefore, cell loss on the data path interface 3, which 
might occur when cell data is transmitted to an PHY 
layer device unable to accept a whole ATM cell, can be 
prevented as well in the ATM transmission system of w 
FIG. 13 according to the fourth embodiment of the 
invention. 

[0145] As heretofore described, an ATM cell transmis- 
sion system having a high transmission efficiency can 
be realized with a single FIFO memory 5 according to 15 
the fourth embodiment of the invention, even when nor- 
mal PHY layer devices defined in the Utopia Level 2 
specification are included in the PHY layer devices con- 
nected to the data path interface 3. 

20 

Claims 

1. An ATM (Asynchronous Transfer Mode) cell trans- 
mission system having an ATM layer device (1), a 
data path interface (3) and a plurality of normal 2s 
PHY (Physical) layer devices (2-0 to 2-M) whereof 
each is connected to the ATM layer device (1) by 
way of the data path interface (3) and returns a 
HIGH level of a cell transmission allowance signal 
(TxClav) on condition said each can accept one 30 
more whole ATM cell when said each is polled by 
the ATM layer device (1) through the data path 
interface (3); said ATM layer device (1) comprising: 

a cell buffer (4) for storing ATM cells to be 35 
transmitted through the normal PHY layer 
devices (2-0 to 2-M); 

FIFO memories (5-0 to 5-M) each provided cor- 
responding to each one of the normal PHY 
layer devices (2-0 to 2-M); <o 
an output controller (5*) for controlling the cell 
buffer (4) to output an ATM cell to be transmit- 
ted through one of the normal PHY layer 
devices (2-0 to 2-M) into one of the FIFO mem- 
ories (5-0 to 5-M) corresponding to said one of 45 
the normal PHY layer devices (2-0 to 2-M), on 
condition that the ATM cell is stored in the cell 
buffer (4) and said one of the FIFO memories 
(5-0 to 5-M) is not full; 

a transmission cell selector (9) for selecting so 
one of the FIFO memories (5-0 to 5-M) as a 
next sender for transmitting cell data through 
the data path interface (3) at a next cell trans- 
mission cycle following a current cell transmis- 
sion cycle; and ss 
a cell transmission controller (10) for 

performing polling of the normal PHY layer 



devices (2-0 to 2-M), 

designating a selected PHY layer device 
among the normal PHY layer devices (2-0 
to 2-M) which have returned the HIGH 
level of the cell transmission allowance sig- 
nal (TxClav) to the polling and whereof cor- 
responding FIFO memories (5-0 to 5-M) 
are not empty, 

controlling the transmission cell selector to 
select one of the FIFO memories (5-0 to 5- 
M) corresponding to the selected PHY 
layer device as the next sender, and 
designating the selected PHY layer device 
at an end of the current transmission cycle 
as a next receiver of the cell data to be 
transmitted through the data path interface 
(3) at the next cell transmission cycle. 

2. An ATM cell transmission system as recited in daim 
1, wherein the data path interface (3) and the nor- 
mal PHY layer devices (2-0 to 2-M) are designed 
according to a Utopia (Universal Test & Operations 
PHY interface for ATM) Level 2 specification. 

3. An ATM cell transmission system as recited in claim 
1, wherein each of the FIFO memories (5-0 to 5-M) 
outputs an empty signal (11) to the cell transmis- 
sion controller (10), the empty signal (1 1) being cfis- 
abled when data of an ATM cell is prepared to be 
transmitted in said each of the FIFO memories (5-0 
to 5-M). 

4. An ATM cell transmission system having an ATM 
layer device (1), a data path interface (3) and a plu- 
rality of normal PHY layer devices (2-0 to 2-M) 
whereof each is connected to the ATM layer device 
(1) by way of the data path interface (3) and returns 
a HIGH level of a cell transmission allowance signal 
(TxClav) on condition said each can accept one 
more whole ATM cell when said each is polled by 
the ATM layer device (1) through the data path 
interface (3); said ATM layer device (1) comprising: 

a cell buffer (4) for storing ATM cells to be 
transmitted through the normal PHY layer 
devices (2-0 to 2-M); 

FIFO memories (5-0 to 5-M) each provided cor- 
responding to each one of the normal PHY 
layer devices (2-0 to 2-M); 
a transmission cell selector (9) for selecting 
one of the FIFO memories (5-0 to 5-M) as a 
next sender for transmitting cell data through 
the data path interface (3) at a next cell trans- 
mission cycle following a current cell transmis- 
sion cycle; and 

a cell transmission controller (10*) for 

performing polling of the normal PHY layer 
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devices (2-0 to 2-M), 

designating a selected PHY layer device 
among the normal PHY layer devices (2-0 
to 2-M) which have returned the HIGH 
level of the cell transmission allowance sig- s 
nal (TxClav) to the polling and satisfy 
either of a first condition that at least one 
ATM cell to be forwarded thereto is stored 
in the cell buffer (4) and a second condition 
that corresponding FIFO memories (5-0 to 10 
5-M) are not empty. 

controlling the cell buffer (4) to output an 
ATM cell to be transmitted through the 
selected PHY layer device into one of the 
FIFO memories (5-0 to 5-M) correspond- is 
ing to the selected PHY layer device on 
condition that the ATM cell is stored in the 
cell buffer (4), 

controlling the transmission cell selector 
(9) to select said one of the FIFO memo- 20 
ries (5-0 to 5-M) as the next sender, and 
designating the selected PHY layer device 
at an end of the current transmission cycle 
as a next receiver of the cell data to be 
transmitted through the data path interlace 25 
(3) at the next cell transmission cycle. 

An ATM cell transmission system as recited in claim 
4, wherein the data path interface (3) and the nor- 
mal PHY layer devices (2-0 to 2-M) are designed 30 
according to a Utopia Level 2 specification. 

An ATM cell transmission system as recited in claim 
4, wherein each of the FIFO memories (5-0 to 5-M) 
outputs an empty signal (11) to the cell transmis- 
sion controller (10'), the empty signal (11) being 
disabled when data of an ATM cell is prepared to be 
transmitted in said each of the FIFO memories (5-0 
to 5-M). 

An ATM cell transmission system having an ATM 
layer device (1), a data path interface (3) and a plu- 
rality of enhanced PHY layer devices (2'-0 to 2'-M) 
whereof each is connected to the ATM layer device 
( 1 ) by way of the data path interface (3) and returns 45 
a HIGH level of a cell transmission allowance signal 
(TxClav) on condition said each can accept K more 
whole ATM cells when said each is polled by the 
ATM layer device ( 1 ) through the data path interface 
(3), K being an integer more than one; said ATM so 
layer device (1) comprising: 

a cell buffer (4) for storing ATM cells to be 
transmitted through the enhanced PHY layer 
devices (2'-0 to 2-M); ss 
a FIFO memory (5); 
a cell transmission controller (10") for 



performing polling of the normal PHY layer 
devices (2'-0 to 2'-M), 
designating a selected PHY layer device 
among the enhanced PHY layer devices 
(2'-0 to 2-M) which have returned the 
HIGH level of the cell transmission allow- 
ance signal (TxClav) to the polling and sat- 
isfy a condition that at least one ATM cell to 
be forwarded thereto is stored in the cell 
buffer (4), 

controlling the cell buffer (4) to output an 
ATM cell to be transmitted through the 
selected PHY layer device into the FIFO 
memory (5) together with destination infor- 
mation of the ATM cell, 
controlling the FIFO memory (5) to trans- 
mit cell data of an ATM cell through the 
data path (3) at a next cell transmission 
cycle when the FIFO memory (5) is not 
empty, and 

designating an enhanced PHY layer 
device indicated by the destination infor- 
mation of the ATM cell at an end of the cur- 
rent transmission cycle as a next receiver 
of the cell data to be transmitted through 
the data path interface (3) at the next cell 
transmission cycle. 

8. An ATM cell transmission system as recited in claim 
7, wherein the data path interface (3) and the 
enhanced PHY layer devices (2'-0 to 2'-M) are 
designed according to a Utopia Level 2 specifica- 
tion. 

An ATM cell transmission system as recited in claim 
7. wherein the integer K satisfies a condition KzD 
+ 1,0 being a number of cell transmission cycles 
needed for outputting the ATM cell from the cell 
buffer (4) to the FIFO memory (5) after the polling is 
performed. 

1 0. An ATM cell transmission system as recited in claim 
7, wherein the FIFO memory (5) outputs an empty 
signal (11) and an output port number signal (1 2) to 
the cell transmission controller (10"), the empty sig- 
nal (1 1) being disabled and the output port number 
signal (12) representing the destination information 
of an ATM cell when data of the ATM cell is pre- 
pared to be transmitted in the FIFO memory (5). 

11. An ATM cell transmission system having an ATM 
layer device (1), a data path interface (3) and a plu- 
rality of PHY layer devices (2"-0 to 2"-M) whereof 
each is connected to the ATM layer device (1) by 
way of the data path interface (3), and each is either 
one of a normal PHY layer device which returns a 
HIGH level of a cell transmission allowance signal 
(TxClav) on condition said each can accept one 
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more whole ATM cell when said each is polled by 
the ATM layer device (1) through the data path 
interface (3) and an enhanced PHY layer device 
which returns the HIGH level of the cell transmis- 
sion allowance signal (TxClav) on condition said 
each can accept K more whole ATM celts when 
said each is polled by the ATM layer device (1) 
through the data path interface (3), K being an inte- 
ger more than one; said ATM layer device (1) com- 
prising: 

a cell buffer (4) for storing ATM celts to be 

transmitted through the PHY layer devices (2"- 

0 to 2"-M); 

a FIFO memory (5); 

a cell transmission controller (10'") for 

performing polling of the PHY layer 
devices (2"«0 to 2"-M) p 
designating a selected PHY layer device 
among the PHY layer devices (2"-0 to 2"- 
M) which have returned the HIGH level of 
the cell transmission allowance signal 
(TxClav) to the polling and satisfy a first 
condition that at least one ATM cell to be 
forwarded thereto is stored in the cell 
buffer (4) and a second condition that 
addresses thereof are not registered as 
one of D selected port numbers, 0 being a 
number of cell transmission cycles needed 
for outputting an ATM cell from the cell 
buffer (4) to the FIFO memory (5) accord- 
ing to the polling after the potting is per- 
formed, 

controlling the cell buffer (4) to output an 
ATM cell to be transmitted through the 
selected PHY layer device into the FIFO 
memory (5) together with destination infor- 
mation of the ATM cell, 
replacing one of the D selected port num- 
bers which is registered earliest with an 
address of the selected PHY layer device 
when the selected PHY layer device is the 
normal PHY layer device and with an 
invalid address when the selected PHY 
layer device is the enhanced PHY layer 
device, 

controlling the FIFO memory (5) to trans- 
mit cell data of an ATM cell through the 
data path (3) at a next cell transmission 
cycle when the FIFO memory (5) is not 
empty, and 

designating a PHY layer device indicated 
by the destination information of the ATM 
cell at an end of the current transmission 
cycle as a next receiver of the cell data to 
be transmitted through the data path inter- 
face (3) at the next cell transmission cycle. 



1 2. An ATM cell transmission system as recited in claim 
1 1 , wherein the data path interface (3) and the PHY 
layer devices (2"-0 to 2"-M) are designed according 
to a Utopia Level 2 specification. 

5 

1 3. An ATM cell transmission system as recited in claim 
11, wherein the integer K satisfies a condition 

D + 1. 

io 14. An ATM cell transmission system as recited in claim 
1 1 , wherein the FIFO memory (5) outputs an empty 
signal (1 1) and an output port number signal (12) to 
the cell transmission controller (10"*), the empty sig- 
nal (1 1) being disabled and the output port number 

15 signal (12) representing the destination information 
of an ATM cell data when data of the ATM cell is 
prepared to be transmitted in the FIFO memory (5). 
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FIG, 3 
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FIG. 7 
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